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COMBLNED TONE AND PHASE COMPARISON LOCALIZEB FACILITY 

Until such time as conversIon from tone to phase comparx~n local- 
hers 1s accomplished, certain alrports will requre both phase compsr~san 
and tone locallzer lnstallatuxs on the same runway. Thu csn be accomplished 
by InstallIng two Independent systems, one behlnd the other. and spaced sev- 
eral hundred feet apart. However, if both of these installations could be 
combined to use a sugle antenna array, many advantages would accrue, such as 
the economy incurred by usug one antenna system, one transmitter bulldIng, 
and one localizer site. Furthermore, m some Instances It would be physically 
impossible to obtain two sites to serve a single runway. This report de- 
scribes a system tested at the Technical Development and Evaluation Center, 
Indianapolis, Ind., which provides eunultaneous phase comparison localizer 
and tone locallzer transmlsslons from a single antenna system. 

An installation of this type requires a complete tone locakzer 
transrmtter lncludlng its modulating equpment as well as a complete phase 
compsruon locallzer trsnsmltter with Its associated modulating equipment. 
In an experunentsl installation these trsnsmltters were operated slmultane- 
ously at carrier frequencies of 108.9 MC snd 108.3 MC, respectively. The 
Output of each of these units 1s fed to a pau- of lsolatlon brldgee, as shown 
in Fig. 1, instead of being connected directly to carrier and sldeband 
antemas. One of these bridges receives sldeband energy from both trans- 
mltters and m turn feeds the sldeband loops, while the other bridge receives 
Carrier outputs of the two transmitters and m turn feeds the csrrler loops. 
The complete antenna array 1s Identical to that of a standard locallzer 
lnstallatlon. 

The function of the radlo frequency bridges 1s to feed the antenna 
array from two generators while malntammg isolation between the generators. 
If a source of energy 1s connected to JWXtlOn D of the bridge, Fig. 2, 
energy ~111 divide at this junction and travel to A and C. If an sntenna 1s 
connected to Junction A and a dummy load 18 connected to Junction C, and lf 
the lmpedsnces of both the antenna and the dummy are equal, the currents in 
these loads will be equal. Energy also will flow from A and C toward El. 
However, the addlt1ona.l one-half wavelength ln bridge srm BC will result la 
zero voltage at B, regardless of the terminal impedance at B. Another sowce 
of energy can be connected to Junction B, and by slmllar reasoning, will have 
no effect on any load cornected to Juctlon D. Thus the antenna at A receives 
energy simultaneously from both sources, yet the sources are Isolated from 
each other. The antenna receives one-half of the power in the system while 
the dummy load dissipates the remaining power. 

The arms of the bridge are constructed to be 0.15 wavelength long 
at a frequency midway between the two csrrlers. This selection of length 
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makes the mpedace lookmg mto Junctions B and D equal to the value of the 
loads at Junctions A and C as explained herem. Lookmg Into junction D, 
Fig. 2, it hzs been shown that there 1s no voltage at Junctmn B due to 
energy supplxd at D. Therefore, Junctmn B is essentially a short circuit 
-38 mewed from D. The lme AR, therefore, can be considered to be short- 
clrcutcd stub 0.15 wavelmgth long connected at JUlCtlO~ A, which 1s 0 15 
wavelength from D. Smllarly, CB 1s a short-circultcd stub 0.65 wavelength 
long (which has an electrxal mpedence equl to a 0.15 w?vGlength stnb) 
comxcted at C, which 1s also 0.15 wavelength from 3 From transmlssxn 
line theory It 1s known that e short-cucultcd stub 0,15 wavelength long 
~11 reflect an Impedance equcl to twice the charncterlstx ynpedance of the 
line at a point 0.15 wavelengths from the point of the stub attachment. 
Therefore, the unpedance at A 18 reflected Pt D, at twice Its actual Value. 

Slmil,~ly, the lmpedence ct C 1s reflected at D at twice Its actual value. 
When these two effective impedances at D are considered In parallel, the re- 
sultant imppedsncc looklng uito D 1s equal to that of the line. The use of 
two brldgcs as illustrated In Fig. 1 penlts the desired slmultveou? opera-' 
tlon of both tone p~ld phese comparison locallzcr transmitters into a common 
antenna system. 

To deternIne the ch=acteristlcs of the course, course-wulth, and 
clecrcnce, flight tests were n&de with recorders operating simultaneously on 
both tone and ph-se trensnlselons. Two Collins 5lR-1 receIvera wore usid. 
These recordings m-ti reproduced ln Fig. 3. 

The course-vldth of each system wcs arbxtrnrlly stt at 3.5 degrees, 
this neasurencnt being made at a point 15 nnutxal nllea fron the statlon. 
Approxinately e&t nautical nlles of the course 1s &splayed on these re- 
cordlngs, and It can bt seen that the two courses arc very nearly ldentlcal. 
It 1s ballcved that the s:&t xregulnrltux in the courses were caused by 
reflectlons fron a large systcx of experlrental approxh light structures 
whxh extended m both dlrectlons fron the antema array on a proJection of 
the runway centerline. There 1s no endencc on these rccordlngs of inter- 
xtion between the signals, In these tests, both trans;?ltters were soul- 
taneously nodulated with voice end loc~llzer signals. 

The two clearance recordings llkcwlse me slmlxr. The points of 
low clearance on these recordings zre chvacterlstx of the particular an- 
tenna array used. 

The range of the conbined tone 2nd phase conpxlson locallzers was 
33 nautical rules at an altltudc of 600 feet. Renovlng the bridges and con- 
nectlng the atenna dlrectljr to one of the transztters increased the serv- 
ice range of the facllrty to 38 r.lles at the sac altitude. The loss of 
power m the d-y loads causes a reduction in servxe range of approxlnotely 
13 per cent. 
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It 1s belleved that the selectlvlty characterlstlcs of the re- 
celver~ will determine the minlmum possible separation between the two _ 
Carrier frequencies, and It is apparent that large frequency differences would 
be unsati8factory as they would unbalance the rf Isolation bridges to an un- 
deelrable extent 

In conclusion, it may be said that on the basis of the above tests, 
It is entirely feasible to operate both tone and phase comparison type 
locallzers simultaneously into a ccumuon antenna system. 





CLEARANCE 

FIG 3 LOCALIZER FLIGHT TEST RECORDINGS 


